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(54) Ethylene copolymer rubber composition and process for its preparation 



(57) Disclosed is an ethylene-a-olefin-nonconju- 
gated polyene random copolymer which is a random 
copolymer of (a) ethylene, (2) an a-olefin of 3 or more 
carbon atoms and (c) a nonconjugated polyene contain- 
ing, in one molecule, one carbon-to-carbon double bond 
polymerizable by a metallocene catalyst among carbon- 
to-carbon double bonds, and has such properties that (0 
the copolymer contains (a) units derived from ethylene 
and (b) units derived from the a-olefin of 3 or more car- 
bon atoms in a molar ratio of 40/60 to 95/5 ((a)/(b)), (ii) 
the iodine value is in the range of 1 to 50. (iii) the intrinsic 
viscosity ft), as measured in decalin at 135 °C. is in the 
range of 0. 1 to 8.0 dl/g, and (iv) the ratio grf of the intrin- 
sic viscosity ft) of the copolymer defined above to the 
intrinsic viscosity ftkiank of a linear ethylene-propylene 
copolymer having the same weight-average molecular 
weight (measured by light scattering method) as the ettv 
ylene-a-olefin-nonconjugated polyene random copoly- 
mer and having an ethylene content of 70 % by mol. 
(^Mbiank. is in the range of 0.2 to 0.9 or the ratio g' of 
the intrinsic viscosity ft) of said random copolymer 
defined above to the intrinsic viscosity (n)biank' of a linear 
ethyl ne-propyiene copolymer having and ethyl necon- 
t nt of 70% by mol which isdetermined by measurement 
of gel permeation chromatography (GPC) of ethyiene-a- 
olefin-n nconjugated polyene random copolymer in 
orthodichlorobenzene at 140 "C, (Ti)/(n)btenk-. is in the 
reang of 0.2 to 0.9. Also disclosed ar a process for 



preparing the random copolymer and a vuicanizable rub- 
ber composition containing the random copolymer. The 
ethylene-a-olefin-nonoonjugated polyene random 
copolymer and the rubber composition are excellent in 
weathering resistance, ozone resistance, mechanical 
strength and processability. 
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BACKGROI IND OF thf INVFMTIWf 
nttm Asa ,«3 ftXSftZTeft^Z^? ""S^ to copol,™ 



OBJECT OF T HE INVENTION 



^.pr«^ te p, (pa d„,ft7^^^ P ^ 

the iodine value is in the range of 1 to 50 
55 S ^ 2^* W S?2 t ^?- 88 ^ decaBn at 135 -C. is in the range of 0. 1 to ao dl/ 0 and 

(n)/(n)Zisinth range ofoTtoO* ^ 
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■ The.ethylene-a-olefin-nonconjugated polyene copolymer according to the present invention can be specified 
by g value jnstead of (iv) gif value. That is. in the copolymer of the present invention, 
(iv) the ratio g* of the intrinsic viscosity ft) of said random copolymer defined above to the intrinsic viscosity (n V, „ 
calculated as a linear ethylene^ropylene copolymer having an ethylene content of 70 % by mol which is determined 
by measurement of gel permeation chromatography (GPC) of ethylene-a-olefin-nonconjugated polyene random 
copolymer in orthodichorobenzene at 140 'C. (n)/(nW. is in the range of 0.2 to 0.9. 

The process for preparing an ethylene-a-olef in-nonwnjugated polyene random copolymer according to the present 
invention is a process m which the above-mentioned ethylene-a-olefin-nonconjugated polyene random copolymer is 
io prepared using a metallocene catalyst containing a metallocene compound represented by the following formula (I)- 



15 



20 





x{ x 2 






\ / 




R 3 
t I 




R 3 


M 






R 6 


Y 


R 6 



(I) 



30 



25 

wherein M is a transition metal of Group IVB of the periodic table. 
R 1 is a hydrocarbon group of 1 to 6 carbon atoms. 

R 2 . R 4 . R 5 and R 6 may be the same as or different from each other, and are each hydrogen, a halogen atom or 
a hydrocarbon group of 1 to 6 carbon atoms, 

_«^£' S ! naryl 9roup of6to16 cart)on atoms "^y be substituted with a halogen atom, a hydrocarbon group 
of 1 to 20 carbon atoms or an organosilyl group, 

i^if m ^ * Same 88 or different from 6300 otner - and are hydrogen, a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group 
or a sulfur-containing group, and 

. Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent tin-containing group, a divalent germanium-containing 

S^t^r if ;f"^' NR ' * ( * h - P( ° ,(R7) -- - BR7 - W • A1R7 - < R? fe a ha, °9 e " *»* * ** i 

carbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms) 

The vulcanizable rubber composition according to the present invention contains the above-mentioned ethylene-a- 

olefin-nonconjugated polyene random copolymer. 

The vulcanizable ritber composition of the invention may further contain other components than the ethylene-a- 

olrfirwionconjugated polyene random copolymer. Fa example, the rubber composition can contain a reinforcing ag nt 

and/or an inorganic filler in an amount of 10 to 200 parts by weight and a softening agent in an amount of 10 to 200 

parteby weight, based on 100 parts by weight of the ethylene-a-olefin-nonconjugated polyene random copolymer 

The vulcanized rubber according to the present invention is obtained by the aforementioned rubber composition. 

BRIEF DESCRIPTION <">FT^|p p RftW | N * 

Rg^ 1 is an explanatory view showing steps of a process for preparing a metallocene catalyst used for preparing 
the ethylene-a-ciefirvnonconjugated polyene random copolymer according to the present invention. 

DETAiLFn nrsppiPTio^ OF thf im/FKmn N 
ss detank ethylene " a ' o,e,in - noncon ' u 0 ated PO'^e random copolymer according to the inv ntion is described in 
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EthYlene-y-Qlefin-nnncnniuaateri pniy«n ? r andom cnpnlymar 

T^ethylen^a^lefin-nonconjugated polyene random copolymer of the invention is an elastomer which can be 
obtained by ccpolymenzmg (a) ethylene, (b) an a-oiefin of 3 or more carbon atoms and (c) a nonconjuaated ooUene 

to-carbon double bonds, and has the properties described below. 

cJ^^t^^^t^** rand0m copolymer f« inrt *. retimes r fened to as "random 
SSSSm S; nf' 00 ,S (8) ^ (b) an a<,,efin 01 3 ° r m Mrb0n atoms - W a spec" 

" « • 1h !^?5 01 3 * m0fe Carbon atoms W is specifically an olefin of 3 to 20 carbon atoms Examples of the a- 

: hexene ^ octene " 1 <*** 1-tetradecene, 1-hexadecene. 1-octaSeU 

1 -eicosene. These a-olefms may be used in combination 800 

' 5 hexe^'^enf ^ 3 10 10 ^ atoms ' and P^-ed are propylene. 1-butene. 1- 

car^t^^^T ( ? ^ I*! inVerti ° n 18 a nonco "i^ted polyene containing, in one molecule, on 
carbon-trarbon double bond polymerase by a metallocene catalyst among carbon-to-carbon double bonds The 

aM , ''tlT?^ 6 ' ^ethyl-i.4-hexadiene. 4-methyM.4.hexadiene. 5-methyl-l,4-hexadiene. 4-ethyM 4-haxadi- 
ene, 3-methyl-i ,4-hexadiene and 3.3-dimethyl-l .4-hexadiene- .«-nexao 

25 ethy1.1.t^S^e hePtadien6 ' t***'***** ^thyi-LS-heptadiene. S-methyl-LS-heotadiene and 5- 

rru^ 1 ;^^ t^; 1 /^ 8 ' 16, ^^V- 1 - 4 ^^. 4-ethyM,4<>ctadiene. 5-ethyM.4-cctadiene 5- 
ZS' t25 tS*!^ 6 " 6 ' ^-1.5-octadiene. 6-ethyl-l.Soctediene. 6-methyM Butadiene 7- 
so i^SS 6 " e * ,yM -t octad,ene - ^™py-1.6^ctadieneand 6-butyM.6-«*adiene 

nonadeT^nU^ 4-ethyl-l.4-nonadiene 5^.i.4*onadiene. 5-methyl-1.5- 

isSZteTSllfZ T" 5 f5J* 1 ' 5 ^ onad,ene ' 6-ethyl-1.5-nonadiene. 6-methyM, 6-nonadiene, 7-methyl- 

as d acflrfi 2r e 2i 4 f ie ?' ^-^ecadiene, S-methyM.^ecadiene, 6-methyM ,5-decadiene 5-ethyl-l 5- 
i^i^^^^^' 1 -^ diene ' ^-^ecadiene. 7Zthyl-l.Mecadten^L 
1^cad.ene. 7-metrtf-i,7-decadiene, 8-methyl-l.7<tecadiene. 7-ethyM.7.decadiene. lethyM 7-decadieneT 
rnethyM.8-decad.ene. 9-methyM,Wecadiene and 8-ethyM,8-decadiene; and .™ecad.ene. 8- 

6-methyM ,6-undecadiene and 9-methyl-l,8-undecadiene. 

tZ^^Ze^T^ T"' r 6 COfflP ° UndS SUCh aS ^^e-S^ZZ 
T^™S??2S" US6d - 711656 P 01 ^" 65 TOy te used in combination of two or more Kinds. 

'"^J^f* '^oa nonconjugated polyenes having 7 or more carbon atoms, e.g.. 7-methyM ^octadiene 
(^D).*ethyWene-2*ort™^ etnvn .o^ctadrene 

45 

(i) Ratio of (a) ethylene component to (b) o-olef in component ((a)/(b)) 

denved from ethylene and (b) units derived from the «-olefr of 3 or more carbon atoms (hereinafteTsc^etSnes 
*° (ii) iodine value 

50 BrJTriS?^ 6 01 *• ^"^^"cnconjugated polyene random copolymer is in the range of 1 to 
50. preferably 2 to 40. more preferably 5 to 35. particularly preferably 7 to 30 

hac Hi J^^^^juflated polyene random copolymer having an iodine value of the above range 
has a hrgh vulcmzng speed, and high-speed vulcanization- thereof is possible 9 
55 (ai) Intnnac viscosity ft) *~*»u>e. 

indeca^na^^ 

in aecann at 135 c, is in the range of 0.1 to 8.0 dl/g, preferably 0.2 to 6 dl/g 
(iv)gn* value org" value 
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The gr|* value is defined as a ratio of the intrinsic viscosity fa) of the ethylene-a-olefin-nonconjugated polyene 
random copolymer measured above to the intrinsic viscosity (Ti) Wart( of a linear ethylene-propylene copolymer which 
has the same weight-average molecular weight (by light scattering method) as the ethyiene-a-olefin-nonconjugated 
polyene random copolymer and has an ethylene content of 70 % by mol (giT = (r\V(r\) blank ). 

Specifically, (n)wank is determined by converting a weight-average molecular weight measured by the light scat- 
tering method to a viscosity-average molecular weight My and then introducing the obtained My into the following formula 
(I). 

Ol) b .ank = 7.2 X 10-X 0667 (1) 

The gri' value of the ethylene-a-olefirvnonconjugated polyene random copolymer is in the range of 0.2 to 0.9. 
preferably 0.4 to 0.8. 

Measurement of q' 



The g* value is defined as a ratio of an intrinsic viscosity (n) measured by the above method (iii) to an intrinsic 
viscosity (itfuank' calculated as a linear ethylene-propylene copolymer (EPR) having an ethylene content of 70 % (by 
20 mol) which is determined by measurement of gel permeation chromatography (GPC) of ethyiene-a-olef in-nonconjugated 
polyene random copolymer in orthodichlorobenzene at 140 °C (g' = (*«**)- ™e (n)wank- 's determined in the 
following manner First, the molecular weight calculated as polystyrene, Mj_ Pst of each fraction measured by GPC of 
ethylene-a-oiefin-nonconjugated polyene random copolymer is introduced into the following formulas to obtain the 
molecular weight calculated as EPR, Mj. EPR . 



Ol) i-PSr M hPSt = (H) i-EPR * M i-EPR' 

(n) i-pst = 1 .37 x 10 hPSt 0 686 t and 



30 (tl)i. E PR= 7.2x10^,, 



0.667 



EPR 



The calculated Mj. EPR is introduced into the following formula (2) to obtain ft)^^ of each fraction. 



(D™=7.2x10"M, EPR 0 667 (2) 

wherein i means each fraction fractionated by GPC. 

Then, the thus obtained (n^Mar*' is introduced into the following formula (III) to obtain (11)1^. 

(iW^oi - WhtoiarAi (3) 



wherein co means a weight fraction. 

Thus, the value for (i^biai** is obtained and the g' value is determined as a ratio of fa) to (itfbiank*- 

The g' value [(TiyOikianjeJ of the ethylene-a-olef in-nonconjugated polyene random copolymer is in the range of 0.2 

to 0.9, preferably 0.4 to 0.85, more preferably 0.4 to 0.8. 
45 As described above, the gn* valueortheg' value of the ethyiene-a-olef in-nonconjugated polyene random copolymer 

of the invention is considerably smaller than 1 , and this indicates that a long-chain branch is formed in the molecule. 

Such random copolymer rubber is excellent in moldabiiity. 

The ethylene-a-olefin-nonconjugated polyene random copolymer may be modified with polar monomers, and the 

modified product will be described later in detail. 
so The ethylene-a-olefin-nonoonjugated polyene random copolymer is obtainable by random copoiymerizing (a) eth- 
ylene, (b) the a-olef in of 3 or more carbon atoms and (c) the nonconjugated polyene in the presence of a metallocene 

catalyst 

The metallocene catalyst used in the invention desirably contains a specific metallocene compound (A) described 
below. 

55 Ther is no specific limitation on the metallocene catalyst preferably used in the invention, except that the metal- 
loc n catalyst contains the metallocene compound (A) For example, the metallocene catalyst may be formed from (A) 
the metallocene compound and (B) an organoaluminum oxy -compound and/or (C) a compound which reacts with the 
metallocene compound (A) to form an ion pair, or it may be formed from the component (A), the component (B) and/or 
the component (C), and (D) an organoaluminum compound. 
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These components are described below in detail. 



Fig. 1 shows steps of one example of a process tor preparing a metaliocene catalyst used in the invention and steps 
of one example of a process for preparing an ethylene-a-olefin-nonconjugated polyene random copolymer. 

* (A) Metaliocene compound 

In the invention, a compound represented by the following formula (I) is used as the metaliocene compound (A). 



15 



20 




(I) 



25 



or hafnium, particularly preferably zirconium. 
Substituent R 1 



R 1 is a hydrocarbon group of 1 to 6 carbon atoms. 

^ Exa ^°! su * h ^ drocarbon WW indude a| M groups, such as methyl, ethyl, n-propyl, isopropyl. n-butyl, iso- 
30 butyl sec-butyl, tert-butyl. n-pentyl, neopentyi. n-hexyl and cydohexyl; and alkenyl groups, such as vinyl and propenyl. 

a « 2LT " Pf ?7? f 6 gr0upB whose carbon to » e ^enyl group is primary carbon. More preferred 
are aikyi groups of 1 to 4 carbon atoms, and particularly preferred are methyl and ethyl. 



35 



Substituents r2 r4 R 5 andR 6 

R 2 . R 4 . R 5 and R 6 may be the same as a different from each other, and are each hydrogen, a halogen atom 
hydrocarbon group of 1 to 6 carbon atoms identical with R 1 . -ogenarom 
The halogen atom is fluorine, chlorine, bromine or iodine. 



or a 



40 



SO 



55 



nm f * ™ *2f 9 Tf 6 Carb0n at0mS - ™* 90UP ™ y te substrt **l with a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or an organosilyl group. 

Examples ofthearyl groups include phenyl, a-naphthyl. p-naphthyl, anthracenyl, phenanthryl. pyrenyl, acenaphthyl 
pher^eny Uc^anthrylenyl. tetrahydronaphthyl. indany. and biphenyl. Of these, preferred are phenyl 
cenyi ana phenanthryl. 

Examples of the hydrocarbon groups of 1 to 20 carbon atoms, which are substftuents of the aryl groups include- 
adamant " **' ^ n ° nyl ' ^ norbomyl and 

alkenyl groups, such as vinyl, propenyl and cydohexenyrl; 
arylalkyl groups, such as benzyl, phenylethyl and phenylpropyl and 

Examples of the organosilyl groups include trimethyrsilyl. trietnylsilyl and triphenylsilyl. 
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Substituents X 1 and X 2 

X 1 and X 2 may be the same as or different from each other, and are each hydrogen, a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms which may be substituted with halogen, an oxygen-containing group or a sulfur-containing 
5 group. Examples of the halogen atoms and the hydrocarbon groups are identical with those mentioned above. 

Examples of the oxygen-containing groups include hydroxyl groups; alkoxy groups, such as methoxy, ethoxy, propoxy 
and butoxy; aryloxy groups, such as phenoxy, methyiphenoxy, dimethytphenoxy and naphthoxy; arylalkoxy groups, such 
as phenylmethaxy and phenylethoxy; and trifluoroacetylacetonato group. 

Examples of the sulfur-containing groups include substituents obtained by replacing oxygen with sulfur in the above- 
10 exemplified oxygen-containing groups; sulfonate groups, such as methytsulfonato, trifluoromethanesulfonato. phenyl- 
sulfonate, benzylsurfonato, p-toluenesutfonato. trimethylbenzenesuftonato. triisobutylbenzenesulfonato, p-chlorobenze- 
nesulfonato and pentafluorobenzenesultonato; and sulfinato groups, such as methytsulfinato, phenylsulfinato, 
benzenesulfinato, p-toluenesulf inato, trimethylbenzenesutfinato and pentafluorobenzenesuffinato. 

Of these, preferred are halogen atoms and hydrocarbon groups of 1 to 20 carbon atoms. 

15 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon groip of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin -containing 
20 group, -0-, -CO-, -S-, -SO-. -S0 2 -. -NR 7 -, -P(R 7 )-, -P(0)(R 7 )-, -BR 7 - or -AIR 7 - (R 7 is hydrogen, a halogen atom, a hydro- 
carbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 
More specifically, there can be mentioned: 
divalent hydrocarbon groups of 1 to 20 carbon atoms, such as alkylene groups (e.g., methylene, dimethylmeth- 
ylene, 1,2-ethylene. dimethyl- 1,2-ethylene, 1 ,3-trimethylene, 1 ,4-tetramethylene, 1 ,2-cyclohexylene and 1,4-cyd hexy- 
25 lene), and arylalkylene groups (e.g.. diphenylmethylene and diphenyl-1 ,2-ethytene); 

divalent halogenated hydrocarbon groups obtained by haiogenating the above-exemplified divalent hydrocarbon 
groups of 1 to 20 carbon atoms, such as chloromethylene; 

divalent silicon-containing groips. such as siiylene alkylsilyiene. alkylaryisiiylene and aryisilylene groups (e.g.. 
methylsilylene, dimethylsilylene. diethylsilylene, di(n-propyl)silylene, di(i-propyl)silylene, di(cyclohexyl)siiylene, methyf- 
30 phenytsilylene. diphenytsilylene, di(p-tolyl)silylene and di(p-chloropheny!)silyiene), and alkyldisilyl, alkylaryWisilyt and 
aryWisilyl groups (e.g., tetramethyl-1,2-disilyl and tetraphenyl-1,2-disilyt); and 

divalent germanium-containing groups or divalent tin-containing groups obtained by replacing silicon with ger- 
manium or tin in the above-exemplified divalent silicon-containing groups. 

R 7 is the same halogen atom, hydrocarbon group of 1 to 20 carbon atoms or halogenated hydrocarbon group of 1 
35 to 20 carbon atoms as described above. 

Of these, preferred as Y are divalent silicon-containing groups and divalent germanium-containing groups. More 
preferred are divalent silicon-containing groups, and particularly preferred are alkylsilyiene, alkylaryisiiylene and aryis- 
ilylene. 

The two ligands having a cyclopentadienyl skeleton, which are linked to each other by way of Y, may be the same 

40 as or different from each other. 

Listed below are examples of the transition metal compounds represented by the above formula [I]. 
rac-Dimethylsilylene-bis{1-(4-phenyl-l-indenyl)}zirconium dichloride, 
rac- Dimethyls" lylene-bis{ 1 -(2-methyl-4-phenylindenyl))zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-methyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 

45 rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-(p-naphthyl)indenyl}zirconium dichloride, 

rac-Dimethylstlylene-bis{1 -(2-methyl«4-(1 -anthracenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-(2-anthracenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-methyl-4-(9-anthracenyl)indenyl)}ziroonium dichloride, 
rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 

so rac-Dimethylsilylene-bis{ 1 -<2-methyl-4-(p-fluorophenyl)indenyl)}zirconium dichloride, 

rac-Dimethylstlylene-bis{1 -(2-methyl-4-(perrtafluorophenyl)indenyl)}zirconium dichloride. 
rac-Dimethy1silyiene-bi${l-(2-m dichloride, 
rac-Dimethylsilylene-bis{1 -<2-methyl-4-(m-chlorophenyl)tndenyl)}zirconium dichloride, 
rac-Dimethylstlylene-bis{1 -(2-methyl-4-(o-chlorophenyl)indenyl)}zirconium dichloride. 

55 rac-Dimethylsilylene-bis{1 -(2-methyl-4-(o,p-di chlorophenyl-1-indenyOJzirconium dichloride. 

rac-Dimethylstlylene-bis{ 1 -(2-methyl-4-(p-bromophenyl)ind nyl)}zirconium dichloride, 
rac«Dimethylsilylene-bis{1-(2-methyl-^ 

rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-(m-tolyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-methyl-4-(o-tolyl)indenyl)}zirconium dichloride, 



7 
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JBC-Dimethyisilylene*is{1^ 

rac-Dimettysilylene*is{1-(2-mefc^^^ 

rac-Dimethylsilylene*is{H2-m^ 

rac-Dimethyrfsilylene*is{1-(2-me%^ dichlorlde, 
5 rac-Dimethylsilylene*is{1^2-methyl-4-(p-biphenyl)indenyl)}2i 
rac-Dimethylalylene*is^ 

rac-Dimethylsilylene*is{1-(2-m^ bichloride, 

rac-Dimethylsilylene*is{H2-mem^ 

rac-Dimethylsilylene*is{H2-phenyl^i3henyl)indenyO)zirconium 
10 rac-Diethylsilylene-bis{1 -(2-methyM-phenyl)indenyl)}zirconium dichloride, 

rac-Di(i-propyl)silylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 

rac-Di(rvbutyl)silylene-bis{1 -(2-methyl-4-phenylindenyi)}zirconium dichloride, 

rac-Dicyclohexylsilylene-bis{1 -(2-methyl-4^henylinderTyl)}zirconium dichloride. 

rac«Methylphenylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 
75 rac-Diphenylsilylene-bis{1 -(2-methyl-4-phenylindeny})}zirconium dichloride, 

rac-Di(p-tdyi)silyiene-bis{1 -(2-methyl-4*phenylindenyl)}zirconium dchloride, 

rac-Di(p<hlorophenyl)silylene*i6{1-(2-methyl-4.phenylindenyl)]zircora dichloride, 

rac-Methylene-bi${1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 

rac-Ethylene4)is{V(2-methyl^phenylindenyf)}zirconium dichloride, 
20 rac-Dimethylgermylene-bis{1 -<2-methyl-4-phenylindeny0}zirconium dichloride, 

rac-Dimethylstannylene-bis{1 -(2-methyl-4.phenylindenyl)}zircoaium dichloride. 

rac-Dimethylsilylene*is{1-(2-methyl-^phenylindenyl)}zirconium dibromide. 

rac-Dimethylsilylene*is{1-(2-methy^ dimethyl, 

rac-Dimethyialylene*is{H2-meft^ methylchloride, 
25 rac-Dimethylsilylene*is{1^2-methyl-4-phenylindenyJ)}zira)m chloride S0 2 Me, 

rac-Dimethylsilylene*is{1-(2-meW chloride OSO^e. 

rac-Dimethylsilylene*is{1-(2-methyl-4-phenylindenyO}zircx)nium monochloride mono (trifluoromethanesul- 
fonato), 

rac-Dimethylsilylene*is{1-(2-methyl^phenylindenyl)}zirconium di(trifluoromethanesultonato), 
30 rac-Dimethylsilyiene*is{1-(2-meW di(p-toluenesuHonato), 

rac-Dimethyisilylene*is{1-(2-methyl-4-phenyiindenyl)}zi di (methylsulfonato), 

rac-Dimethylsilylene*is{H2-meth^ di(trifluoromethanesulfinato), 

rac-Dimemylsilylene*is{l-(2-metty di(trif luoroacetate). 

rac-Dimethylsilylene*is{H2-memyl-^phenylindenyl)}zirconium monochloride(n-butoxide), 
35 . rac-Dimethylalytene*is{1-(2-me difn-butoxide). 

rac-Dimethylsilylene*is{1-(2-me^^ monochlaide(phenoxide). 

rac : Dimethylsilylene4)is{H2-^ dicNoride, 

rac-Dimethylsilylene-bis{1 -(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 

rac-Dimethyialylene*is{1-(2-^ 
40 rac-Dimethylsjlylene4)is{^ 

rac-Dimethylsilylene*is{H2-eW 

rac-Dimethylalylene*is{1-(2-et^ dichloride, 
rac-Dimethylsilylene*i${H2-e^ dichloride, 
rac-Dimethylsilylene-bis{1 -(2-ethyl^-(o-methylphenyl)inderTyl)}zirconium dichloride. 
45 rac-Dimethylsilylene^{1-(2-^ 

rac-Dimethylsilylene*is{H2-eth^ dichloride, 

rac-Dimethylsilylene*^ 

rac-Dimethylsilyiene*ts{1-(2-^ 

rac-Dimethyisilylene*is{H2-e^ dichloride, 
so rac-Dimethylalylene*is{H2^ 

rac-Dimethylsilylene*is{H2-elhyl^-(<H*lorophenyl)i dichloride, 

rac-Dimethylsilylene4)is{H2-ethyM-(rTvchlorophef^ 

rac-Dimethylalylene*is{H2^ dichloride, 

rac-Dimethylsilylene*is{H2-^ 
55 rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2.6-dichloroph nyf)indenyl)}zirconium dichloride, 

rac-Dimethylsilylene4)is{1-(2-^^ dichloride! 

rac-Dimethylsilylen -bis{1 -(2-elhyM-(2-bromophenyl)indenyl)}zirconium dichloride, 

rac-Dimethylsilylen 4)is{1-(2-ethyl^-(3*romophenyl)indeny0}zirconium dichloride, 

rac-Dimethylsilylene*is{1-(2-^ 
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;rac-Dimethyialyiene*is{1 -(2«ethyl^ 

rac-Dim&hy1sly1ene^is{1-(2-ett dichloride, 
rac-Dimethy1silytene-bis{1 -(2-n-propyl-4-phenylindenyi)}ziroonium dichloride, 
rac-Dimethyislylene*is{1-(2-ni>ro^^ dichloride. 
rac-Dimethy1alylene-bis{1-(2«n^rop^ dichloride, 
rac-Dimethy1silyiene-bis{1 -(2-n-propyl-4-(2-methyM -naphthyi)indenyl)}zirconium dichloride, 
rac-Dimeth^alyiene-toisp -(2-n^ropyt^(5-ac»naphthyl)indenyl)}zircoriium dichloride, 
rac-Dimethy1alylene-bis{1-(2-nijrop^ dichloride, 
rac-Dimethytaly»ene-bis{1 -(2-n-propyl-4-(9-phenanthryl)indeny1)}zirconium dichloride, 
rac-Dimethylaly!ene-bis{1 -(2-i-propyl-4i3henyIindenyl)}zirconium dichloride, 
rac-Dimethytsilyiene-bis{1-(2-i-prop^ 

rac-Dimethylsilylene-bis{1 -(2-i-propyl^-(^naphthyl)irKler^)}zira)rium dichloride, 
rac-Dimelhylsilylene4as{1-(2-i-pr^ dichloride, 
rac-Dimethylsilylene-bis{1 -(2-i-propyl^-(5^cenaphthyl)indeny0}ziroonium dichloride, 
rac-Dimethylsily1ene*is{1-(2-i-propyM^^ dichloride, 
rac-Dimethy1alylene4)is{1-(2-i-pr^^ dichloride, 
rac- Dim ethyls lyiene-bis{1 -(2-s-butyi-4-phenylindenyf)}zirconium dichloride, 
rac-Dimethy1silyiene-bis{1 -(2-s-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylstlylene-bts{1 ^2-s4xityt^-(p-naphthyl)indenyQ}zirconiLim dichloride. 
rac-Dimethyisilylene-bis{1 -(2-s-buty I -4-(2 -methyl- 1 -naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylalylene-bis{1 -(2-s43utyl^-(5-acenaphthyl)indenyl)}zira)nium dichloride. 
rac-Dimethylsilylene-bis{1 •(2-s-toutyl-4-(9-anthracenyl)indenyl)}zirconium dichloride. 
rac-Dimethyialytene-bis{1 -(2-s-bLrtyl-4^9iDhenanthryl)indenyI)}zirconiurri dichloride. 
rac-Dimethyisilylene-bis{1 -(2-n-pentyl-4-phenyiindenyl)}zirconium dichloride, 
rac-Dimethy1alylene-bis{1 -(2-n-pentyl-4-(a-naphthyl)inderiy0}zirconium dichloride, 
rac-Dimethyialylene-bis{1 -(2-n-butyl-4-phenyiindenyl)}zirconium dichloride, 
rac-Dimethytsilylene-bis{1 -(2-n-butyl-4-(a*naphthyl)indenyl)}2irconium dichloride, 
rac-Dimethjrtsilylene-bis{1 -(2-n dichloride, 
rac-Dimethylalylene-bis{1 -(2-n-butyl-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-n-buty1^-(5-acenaprrthy0irxleny!)}zirconium dichloride, 
rac-Dimelhylsilylene-bis{1 -(2-n-butyl-4-(9^nthraceri^irKjenyl)}zirc»niurn dichloride, 
rac-Dimethylaiylene-bis{ 1 -(2-n-butyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-fais{1 -(2-i-butyl-4-phenylindenyl)}zirconium dichloride. 
rac-Dimethylsilylene-tois{1 -(2-i-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethy1silylene-bis{l -(2-i-butyl^(p-naphtriyl)ir»denyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 *(2-i-butyl-4-(2-methyl- 1 -naphthyl)indenyt)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-i-butyl^(5-acenaphthyl)indenyl)}zir<»nium dichloride, 
rac-Dimethylsilylene-bis{1 -(2-i-butyl-4-(9-amhracenyl)irxlenyl)}zira)nium dichloride, 
rac-Dimethyisilylene-bis{1 -{2-i-butyM-(9-phenanthryl)indenyl)}zirconium dichloride, 
rac-Dimethyisilyiene-bis{1 -(2-neoperrtyl-4-phenytindenyI)}zirconium dichloride, 
rac-Dimelhylsilylene-bis{1 -(2-neoperrtyl-4-(a-naphthyl)indenyl)}zirconiurn dichloride, 
rac-Dimethyisilylene-bis{ 1 -(2-n-hexyM-phenyiirdenyl)}zirconium dichloride, 
rac-Dimethyisily1ene-bis{1 -(2-n-hexyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 
rac-Methylpherrytsilylene-bis{1 -(2-ethyl-4-phenylindenyl))zirconium dichloride. 
rac-Methylphenyl6ilylene-bi6{1 -(2^hyl-4^a-naphthyl)indenyl)}zirconium dichloride. 
rac-Methytphenylsilylene-bis{1 -(2*ethyl-4-(9-anthracenyf)indenyl)}zirconium dichloride, 
rac-Methytphenylsily1ene-bis{1 -(2-ethyl^-(9-phenanthryl)indenyl)}zirconium dichloride. 
rac-Diphenylsilylene-bis{1 -(2-ethyl-4-phenylindeny1)}zirconium dichloride, 
rac-Diphenytsily1ene-bis{1 -(2-€thyl-4-(a-naphthyi)indenyl)}zirconium dichloride. 
rac-Diphenylsilyiene-bis{1 -(2-ethyl-4-(9-anthracenyl)indenyl)}zirconiurn cf chloride. 
rac-Diphenylsilylene-bis{1 -(2-ethyl-4^9^henarthryl)indenyl)}zirconium dichloride, 
rac-Diphenylsilylene-bis{1 -(2-ethyl-4-(4-biphenyly0indenyl)}zirconium dichloride, 
rac-Methyiene^is{H2-ethyl^-phenytindertyO)zirconium dichloride, 
rac-Methylene*is{H2-eth^-(a-naph^ dichloride, 
rac-Ethylene-bis{1 -(2-ethyl-4-phenylindenyi)}zirconium dichloride, 
rac-Ethylene-bis{1 -(2-ethyl^-(a-naphthy0indenyl)}zirconium dichloride, 
rac-Ethylene-bis{1 -(2-n^r(pyl^-(a-naphthy0irKJer!y0}zirconium dichloride, 
rac-Dimethylgermylene-bi8{1-(2-ethyl-4-ph nylindenyl))zirconium dichloride, 



9 



rac-Dimethylgermylene-bis{H2-eth^ 

rac-Dimethylgermylene-bis{1^ dichloride. 
Also employable are compounds obtained by replacing zirconium with titanium or hafnium in the above-exemplified 
compounds. 

In the invention, as the catalyst component, the metallocene compounds mentioned above are generally used in 
the form of racemic modification, but they can be used in the form of R type or S type. 
The metallocene compounds may be used in combination of two or more kinds. 

Th metallocene compounds can be prepared in accordance with "Journal of Organometallic Chem.", 288 (1985), 
pp. 63-67 and European Patent Publication No. 0,320,762. 

fB) Omanoaluminum oxv-compound 

The organoaluminum oxy-compound (B) used in the invention may be aluminoxane conventionally known or may 
be such a benzene-insoluble organoaluminum oxy-compound as exemplified in Japanese Patent Laid-Open Publication 
No. 78687/1990. 

The conventionally known aluminoxane can be prepared by, for example, the following procedures. 

(1) A procedure of adding an organoaluminum compound such as trialkyialuminum to a hydrocarbon medium sus- 
pension of a compound containing adsorbed water or a salt containing water of crystallization, e.g., magnesium 
chloride hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, 
so as to perform reaction, followed by recovering aluminoxane as its hycfrocarbon solution. 

(2) A procedure of allowing water, ice or water vapor to directly act on an organoaluminum compound such as 
trialkyialuminum in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran, followed by recovering alu- 
minoxane as its hydrocarbon solution. 

(3) A procedure of allowing organotin oxide such as dimethyltin oxide or dibutyttin oxide to react with an organoa- 
luminum compound such as trialkyialuminum in a medium such as decane. benzene or toluene. 

The aluminoxane may contain a small amount of an organometallic component. Further, it is possible that the solvent 
or the unreacted organoaluminum compound is distilled off from the recovered solution of aluminoxane and the remainder 
is redissotved in a solvent. 

Examples of the organoaluminum compounds used for preparing the aluminoxane include: 
trialkylaluminums, such as trimethylaluminum, friethyi aluminum, tripropylaluminum, triisopropylaluminum, tri-n- 
butylaluminum, triisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylaluminum, trihexytaluninum, 
trioctylaluminum and tridecylaluminum; 

tricycloalkytaluminums, such as tricyclohexylaluminum and tricyclooctylaluminum; 

dialkytaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diethyialuminum bromide 
and cCisobutylaluminum chloride; 

dialkytaluminum hydrides, such as diethyialuminum hydride and diisobutylaluminum hydride; 
dialkylaluminum alkoxides, such as dimethylaluminum methoxide and diethylaluminum ethoxide; and 
dialkylaiuminum arytoxides, such as diethylaluminum phenoxide. 
Of these, particularly preferred are trialkylaluminums and tricycloalkytaluminums. 

Also employable as the organoaluminum compound used for preparing the aluminoxane is isoprenylaluminum rep- 
resented by the formula (i-C 4 H 9 ) x AI y (C5H 1 o) 2 (wherein x, y, z are each a positive number, and z 2 2x). 
The organoaluminum compounds mentioned above may be used in combination of two or more kinds. 
Examples of the solvents used for preparing the aluminoxane include: 
aromatic hydrocarbons, such as benzene, toluene, xylene, cumene and cymene; 

aliphatic hydrocarbons, such as pentane, hexane, heptane, octane, decane, dodecane, hexadecane and octa- 
decane; 

alicydic hydrocarbons, such as cydopentane, cyclohexane, cydooctane and methyfcyclopentane; 
petroleum fractions, such as gasoline, kerosine and gas oil; and 

halides of these aromatic, aliphatic and alicydic hydrocarbons, particularly chlorides and bromides thereof. 
Also employable are ethers such as ethyl ether and tetrahydrofuran. Of the solvents, particularly preferred are aro- 
matic hydrocarbons. 

The organoaluminum oxy-compounds mentioned above may be used in combination of two or more. 

(C) Compound which reacts w ith the metallocene compound (A) to form an ion pair 

The compound (C) which reacts with the metallocene compound [A] to form an ion pair indudes such Lewis add, 
ionic compounds, borane compounds and carborane compounds as described in National Publications of international 
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Patent. No. 501950/1989 and No. 502036/1989. Japanese Patent Laid-Open Publication No. 179005/1991, No. 
179006/1991, No. 207703/1991 and No. 207704/1991, and U.S. Patent No. 547,718. 

The Lewis acid includes Mg-containing Lewis acid, AJ-containing Lewis acid and B-containing Lewis acid. Of these. 
B-containing Lewis acid is preferred. 
5 The Lewis acid which contains a boron atom is, for example, a compound represented by the following formula: 

BR 11 R 12 R 13 

wherein R 11 , R 12 and R 13 are each independently a phenyl group which may have substituents such as fluorine, methyl 
io and trrf luoromethyl, or a fluorine atom. 

Examples of the compounds represented by the above formula include trif iuoroboron, triphenylboron, trts(4-fluor- 
opheny1)boron, trisfS.S-dHluorophenyiJboron, tris(4-fluoromethytphenyl)boroa tris(pentafluorophenyl)boron, tris(p- 
tolyl)boron, tris(o-tolyl)boron and tris(3.5^imethylphenyl)boron. Of these, particularly preferred is tris(pentaf luorophe- 
nyl)boron. 

15 The ionic compound employable in the invention is a salt comprising a cationic compound and an anionic compound . 
The anion reacts with the metallocene compound (A) to render the compound (A) cationic and to form an ion pair so as 
to stabilize the transition metal cation seed. Examples of such anion include organoboron compound anion, organoars- 
enic compound anion and organoaluminum compound anion. Preferred is such anion as is relatively bulky and stabilizes 
the transition metal cation seed. Examples of cation include metallic cation, organometaliic cation, carbonium cation, 

20 tripium cation, oxonium cation, sulfbnium cation, phosphonium cation and ammonium cation. More specifically, ther 
can be mentioned triphenyicarbenium cation, tributylammonium cation, N.N-dimethylammonium cation, ferrocenium 
cation, etc. 

Of these, preferred are ionic compounds containing a boron compound as anion, and examples thereof include: 
trial kyl -substituted ammonium salts, such as triethyiammoniumtetra(phenyl)boron, tripropyiammoniumtetra(phe- 
25 nyl)boron, tri(n4xrtyl)amnK>niurntetra(phenyl)boron, trimethylammoniumtetra(p-tolyl)boron, trimethylammoniumtetra(o- 
tolyl)boron. tributylammoniumtetra(pentafluorophenyl)boron, tripropylammoniumtetra(o4)-dimethylphenyl)boron. trib- 
uty!ammoniumtetra(m,nKiimethytphenyOboron. tritxrtylammoniurrrtetra(p-trifluoromethylphenyi)boron, tri(n-butyt)- 
ammoniumtetra(o-tolyl)boron and tri(n-butyl)ammoniumtetra(4-fiuorophenyl)boron; 

N,N,-dialkylanilinium salts, such as N,N-dimethylaniiiniumtetra(phenyl)boron, N,N-diethytaniliniumtetra(phe- 
30 nyl)boron and N,N-2,4,6-pentamethylaniliniumtetra(phenyi)boron; 

dialkylammonium salts, such asdi(n-propyl)ammoniurrtetra(pentafluoi^henyl)boron and dicyclohexylammoni- 
umtetra(phenyl)boron; and 

triarytphosphonium salts, such as triphenylphosphoniumtetra(phenyl)boron, tri(methytpheny1)phosphoni- 
umtetra(phenyl)boron and tri(dimethylphenyl)phosphoniumtetra(phenyl)boron. 
35 As the ionic compounds containing a boron atom, triphenylcsrbeniurntetrakis(pentafluorophenyl)borate, N,N- 
dimethylaniliniumtetra)ds(pentafluoropheny[)borate and ferroceniumtetrakis(pentafluorophenyl)borate can be also 
employed in the invention. 

Further, the following compounds are also employable. (In the ionic compounds enumerated below, the counter ion 
is tri(n-butyf)ammonium, but the counter ion is in no way limited thereto.) 

40 That is, there can be mentioned salts of anion, for example, bis[tri(rvbutyl)ammonium]nonaborate, bis[tri(n- 
buty1)ammonium]decaborate, bis[tri(n-butyl)ammonium] undecaborate, bis[tri(rH)uty1)ammonium}dodecaborate. 
bis[tri(n-butyl)ammonium]decachlorodecaborate ( bis[tri(n-butyt)armnonium]dodecac^lorododecaborate l tri(n- 
butyl)arnmonium-1-carbadecaborate, tri(n-butyl)amrrx)nium-1 -carbaundecaborate, tri(n-butyl)ammonium-1 -carbado- 
decaborate, tri(n-butyl)ammonium-1 -trimethylsilyl-1 -carbadecaborate and tri(n-butyl)ammoniumbromo-1 -carbado- 

45 decaborate. 

Moreover, borane compounds and carborane compounds are also employable. These compounds are employed 
as the Lewis acid or the ionic compounds. 

Examples of the borane and carborane compounds include: 
borane and carborane complex compounds and salts of carborane anion, such as decaborane(14), 7,8-dicar- 
so baundecaborane(13), 2,7-dicarbaundecaborane(13), urxjecahydrtie-7,8Kjimethyt-7,8^cart^ndecaborane, dodec- 
ahydride-1 1-mettTyl-2.7-dicarbaundec^ tri(n-butyl)ammoniunrv6-carbadecaborate(14), tri(rvbuty1)ammonium-6- 
carbad ecaborate( 1 2) , tri(n-buty0ammonium-7-carbaundecaborate(13), tri(n-butyl)amnx5niurTv7,8-dicarbaundecabo- 
rate(12), fri(n-butyl)amronium-2,9^ 1 2), tri(n-butyl)ammoniumdodecahydride-8-met^ 

baundecaborate. tri(n-butyl)ammoniurruindecah^ tri(rvbutyl)ammoniumun- 
55 decahydiide^butyl-7,9<JicarbaurKlecaborate. tri(n^utyOammoniurrurKlecah^ 

tri(n-£uty1)amrrK>niurru and tri(n-butyl)ammoniumundecahy- 

dride^ t 6<librorno-7-carbaundecaborate; and 

carborane and salts of carborane, such as 4-carbanonaborane(14), 1 ,3-dicarbanonaborane(13). 6,9-dicarbade- 
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caborane(14)/dodecahydride-1-phenyl-1,3-dicarbanonaborane. dodecahydride-1-methyl-l.3-dicarbanonaborane and 

undecahydride-1 3 ^dimethyl-1 ,3-dicaibanonaborane. 

Furthermore, thefollowing corrpounds are also employable. (In the ionic compounds enumerated below, the counter 

ionistri(n-butyl)amrronium^ _ w-u „ 

s "mat is there can be mentioned salts of metallic carborane and metallic borane anion, tor example, tri(n-butyJamrno- 

niurrt)is(noriahydride-1.3^icarbanonaborate)cobaltate(lll). tri(n*uty1)ammoniurrtois(undecahydrkle-7.8-dicarbaunae- 

caborate)ferrate(lll) tri(n^)ammoniumWs(urxiecahydride-7^ *Kn- 

butyl)an™>niumbis(urKiecah^ tri(n^)ammcfliumb IS (urKlecahydnde- 

7 Wicarbaundecaborate)cuprate(lll). tr<n*uWinwnonhf^ 
w tri(n-butyl)ammoniumbis(nonahydrid^ 

a hVdrkle-7.8«iimethyl-7.8<iicaite^ 

baundecaborate)cobaltate(llO, tri(n^)anm>niumbis(dodecahydr^ bis(tr.(n- 
butyl)anYTionium]bis(dodecahydridtf^ tristtri(n4xityt)amrnonium]bis(undecahydride-7-«r- 
baundecaborate)chromate(lll), bis[tri(n-butyl)amnronium]bis^ 
is Ws[1ri(n-Dutyl)ainni^ bisttri(n-butyl)ammo- 
niumlbis(unde<ahydrkle-7<art)aundecaborate)nk*elate(IV). 

The compounds (C) which react with the metallocene compound (A) to form an ion pair can be used smgly or tn 
combination of two or more kinds. 

so (TO Organoaluminum compound 

The organoaluminum compound (D) used in the invention can be represented by. for example, the following formula 

(a): 

25 R 21 nAIX 3 .„ < 8 > 

wherein R 21 is a hydrocarbon group of 1 to 12 carbon atoms. X is a halogen atom or hydrogen, and n is 1 to 3. 

In the above formula (a). R 21 is ahydrocaibon group of 1 to 12 carbon atoms. e.g.. an alkyl group, a cycloalkyl group 
or an aryl group. Particular examples thereof include methyl, ethyl, n-propyl, isopropyl. isobutyl. pentyl. hexyl. octyl. 

30 cydopentyl, cyclohexyl, phenyl and tolyl. 

Examples of such organoaluminum compounds include: 
trialkylaluminums. such as trimethylaluminum. triethylaluminum, triisopropylaluminum. trusobutylaluminum. tnoc- 
tylaluminum and tri-2-ethylhexylaluminum; 

alkenytaluminums. such as isoprenylaluminum; ^■ ahl ~ fllim 

35 dialtyaJurrinum halides. such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylaluminum 

chloride diisobutylaluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides. such as methylaluminum sesquichloride. elhylaluminum sesquichlonde, isopropy- 
laluminum sesquichloride. bulyialuminum sesquichloride and ethylaluminum sesquibromide; 

alkylaluminum dihalides, such as methylaluminum dicNoride. ethylaluminum dichlonde. isopropytaluminum 
40 dichloride and ethylaluminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
Also employable as the organoaluminum compound (D) is a compound represented by the following formula (b) : 

wherein R 21 is the same as above; Y is -OR 22 group, -OSiR^ group, -OAJR« 2 group, -NR 25 ^! 9roup. -SitfV 9™P or 
-NfR^AIR 28 * group; n is 1 to 2; R 22 , R 23 , R 24 and R 28 are each methyl, ethyl, isopropyl. isobutyl. cyclohexyl. phenyl 
or the like; R 25 fe hydrogen, methyl, ethyl, isopropyl. phenyl, trimethylsilyl or the like; and R and R are each methyl, 
ethyl or the like. 

so Exanples of such organoaluminum compounds include: 

(0 compounds of the formula R 21 n AI(OR 22 ) 3 -n. e.g.. dimethylaluminum methoxide. diethylaluminum ethcoride and 
?^ S c^S n o1^foS e R 21 n Al(OSiR 23 3)3.n. e.g.. (C^AKOSfCHafc). (iso^H^AKOSKCHab) and (iso- 

" So»S% H me formula R^OA-R*,),, eg. <^ 0 ^^ 

(W) compounds of the formula R 21 n AI(NR 25 2 )3.„. e.g.. (CH&AIMCsHs).,). (C^HsJjAKNHfCHa)). 
(CH^AKNHfCaHg)). (CaH^AJINtSitCHaJaJd and 0so-C4H 9 ) 2 AJ[N(SKCH 3 )3) 2 ]; and 
(v) compounds of the formula R^AKSiR 26 ^,,. e.g.. (isoAH^AKSifCHah). 
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Of these, prefened are organoaluminum oompounds andR 21 n AI(OAIR 24 V, 

n , and particularly preferred are compounds of said formulas wherein R 21 is an isoalkyl group and n is 2 The organot 
luminum compounds mentioned above may be used in combination of two or more kinds. 

The specific metallocene catalyst used in the invention desirably contains the metallocene compound (A) and it 
can be prepared from the metallocene compound (A) and the organoaluminum oxy-compound (B). Further the metal- 
locene catalyst can be formed from the metallocene compound (A) and the compound (C) which reacts with the com- 
'° n ° r " Can be formed from 9,9 m eta»«ene compound (A), the organoaluminum oxy- 
compound (B) and the compound (C). In these embodiments, it is particularly prefeired to use an organoaluminum 
compound (D) in combination. 

In the present invention, the metallocene compound (A) is used in an amount of usually about 0.00005 to 0 1 mmol 
preferably about 0.0001 to 0.05 mmol. in terms of the transition metal atom, per 1 liter of polymerization volume 

The organoaluminifn oxy-compound (B) is used in such an amount that the amount of the aluminum atom becomes 
usually about 1 to 10.000 mol. preferably 10 to 5.000 mol. per 1 mol of the transition metal atom. 

The compound (C) which reacts with the metallocene compound (A) to form an ion pair is used in such an amount 
that the amount of the boron atom becomes usually about 0.5 to 20 mol, preferably 1 to 1 0 mol. per 1 mol of the transit! n 
metal atom. 

The organoaluminum compound (D) is used. H desired, in an amount of usually about 0 to 1.000 mol preferably 
about 0 to 500 mol. per 1 mol of the aluminum atom in the organoaluminum oxy-compound (B) or the boron atom in th 
compound (C) which forms an ion pair. 

When the ethylene (a), the a-olefin of 3 or more carbon atoms (b) and the nonconjugated polyene (c) are copoly- 
menzed using the above-mentioned metallocene catalyst, an ethylene-a-olefin-nonconjugated polyene random copol- 
ymer can be obtained with high polymerization activity. 

If the ethylene (a), the a-olefin of 3 or more carbon atoms (b) and the nonconjugated polyene (c) are copolymerized 
using a Group VB transition metal compound type catalyst such as a vanadium catalyst, it is impossible to obtain a 
25 random copolymer with high polymerization activity. Further, in the preparation of EPDM using the Group VB transition 
metal compound type catalyst, the types of polyenes employable as the nonconjugated polyene (c) are limited to nor- 
bomene nng-conta.n.ng polyenes such as ENB in many cases. On the other hand, when the Group IVB metallocene 
catalyst is used as in the present invention, the types of polyenes employable as the nonconjugated polyene (c) are not 
limited to the norbornene ring-containing polyenes, and the aforesaid various polyenes including chain nonconjugated 
30 polyenes such as MOD can be also polymerized. 

In the copolymerization of ethylene (a), the a-olef in of 3 or more carbon atoms (b) and the nonconjugated polyene 
(c), the imetallocene compound (A), the organoaluminum oxy-compound (B) and the compound (C) which forms an ion 
pair, and if desired, the organoaluminum compound (D). all of which constitute the metallocene compound may be 
separately fed to the polymerization reactor, or the metallocene catalyst containing the metallocene compound (A) 
35 which is preliminarily prepared, may be added to the polymerization reaction system. 

In the preparation of the metallocene catalyst hydrocarbon media which are inert to the catalyst components can 
be employed. Examples of the inert hydrocarbon media include aliphatic hydrocarbons, such as propane butane p n- 
tane. hexane, heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons, such as cyclopentane cyclohex- 
ane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; and halogenated 
40 Hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane. These hydrocarbons may be used in 
combination. 

The metallocene compound (A), the organoaluminum oxy-compound (B). the compound (C) which forms an i n 
pair and the organoaluminum compound (D) can be contacted with each other at a temperature of usually -100 to 200 
•C, preferably -70 to 100 »C. 

«5 In the invention, copolymerization of the ethylene (a), the a-olrfin of 3 or nx>re rarbon atoms (b) and me noncon- 
jugated polyene (c) can be carried out under the conditions of a temperature of usually 40 to 200 "C, preferably 50 to 
150 »C. particularly preferably 60 to 120 «C. and a pressure of atmospheric pressure to 100 kg/cm 2 , preferably atmos- 
pheric pressure to 50 kg/cm 2 , particularly preferably atmospheric pressure to 30 kg/cm 2 . 

Although the copolymerization reaction can be performed by various processes, prefened is a solution polymeriza- 
tion process. In the solution polymerization process, the aforesaid hydrocarbons are employable as the polymerization 
solvents 

The copolymerization can be carried out either batchwise, semicontinuously or continuously but it is preferably 
earned out continuously. The polymerization can be conducted in two more stages having different reaction conditions 
The above-described specific random copolymer is obtained by th present invention, and the molecular weight of 
this random copolymer can be regulated by varying the polymerization conditions such as polymerization temperature 
or controlling the amount of hydrogen (molecular weight regulator). 

Th reaction product immediat ly after the polymerization is recovered from the polymerization solution by a known 
separation or recovery method, and then dried to obtain a solid random copolymer. 
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Modified randpm copolymer 

In the invention, the ethylene-a-olefin-nonconjugated polyene random copolymer may be graft modified with polar 
monomers. 

5 The polar monomers include hydroxy! group-containing ethylenic unsaturated compounds, amino group-containing 
ethylenic unsaturated compounds, epoxy group-containing ethylenic unsaturated compounds, aromatic vinyl com- 
pounds, unsaturated carboxylic acids or their derivatives, vinyl ester compounds and vinyl chloride. 
Examples of the hydroxyl group-containing ethylenic unsaturated compounds include: 
(meth)acrylates, such as hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl 
10 (meth)acrytate, 2-hydroxy-3-phenaxypropyl (meth)acrylate, 3-chloro-2-hydroxypropyl (meth)acrylate, glycerol 
mono(meth)acrylate, pentaerychritol mono(meth)acrylate, trimethylolprcpanemono(meth)acrytate, tetramethylolethane 
mono(meth)acrylate, butanediol mono(meth)acrylate, polyethylene glycol mono(meth)acrylate and 2-(6-hydroxyhex- 
anoyloxy)ethyl acrylate; and 

10-undecen-l-ol, 1-octene-3-ol, 2-methanolnortoornene, hydroxystyrene, hydroxyethyl vinyl ether, hydroxybutyl 
15 vinyl ether, N-methylolacrytamide, 2-(meth)acryioyloxyethyl acid phosphate, glycerol monoallyl ether, allyl alcohol, ally- 
loxyethanol, 2-butene-1 ,4-diol and glycerol monoalcohol. 

The amino group-containing ethylenic unsaturated compound is, for example, a vinyl monomer having at least one 
amino group or substituted amino group represented by the following formula: 



20 



- N 

X R 32 



25 



wherein R 31 is hydrogen, methyl or ethyl, and R 32 is hydrogen, an alkyl group of 1 to 12 carbon atoms (preferably 1 to 
30 8 carbon atoms) or a cycloalkyl group of 6 to 12 carbon atoms (preferably 6 to 8 carbon atoms). The alkyl group and 
the cycloalkyl group may have a substituent 

Examples of the amino group-containing ethylenic unsaturated compounds include: 
alkyl ester derivatives of acrylic acids or methacryiic acids, such as aminoethyl (meth)acrytate, propytaminoethyl 
(meth)acryiate, dimethylaminoethyi methacrylate, aminopropyl (meth)acryiate, phenylaminoethyl methacrylate and 
35 cydohexylaminoethyl methacrylate; 

vinylamine derivatives, such as N-vinyldiethylamine and N-acetylvinylamine; 

allylamine derivatives, such as allylamine, methacrylamine, N-methylacrylamine, N.N-dimethytacrylamine and 
N,N dimethyl ami nop ropytacrytarnine; 

acrytamde derivatives, such as acryiamide and N-methytacryiamide: 
40 aminostyrenes. such as p-arhnostyrene; and 

6-aminohexylsuccinimide and 2-aminoethylsuccinimide. 
The epoxy group-containing ethylenic unsaturated compound employable in the invention is a monomer having at 
least one polymerizabie unsaturated bond and at least one epoxy group in one molecule. 
Examples of such epoxy group-containing ethylenic unsaturated compounds include: 
45 glycidyl acrylate and glyctdyf methacrylate; 

dicarboxyii c acid mono- and alkylg Jycidyt esters (number of carbon atoms of the alkyl group in the case of monogly- 
cidyl esters: 1-12), such as mono- and digiyctdyt esters of maleic acid, mono- and glycidyl esters of f umaric acid, mono- 
and diglycidyl esters of aotonic acid, mono and diglycidyl esters of tetrahydrophthalic acid, mono- and digiycidyl esters 
of rtaconic acid, mono* and diglycidyl esters of butenetricarboxyiic acid, mono- and diglycidyl esters of crtraconic acid, 
so mono- and diglycidyl esters of endo-cts-bicyclo[2,2, 1 ]hept-5-ene-2,3-dicarbaxyiic acid (nadic acid 111 ), mono- or diglycidyl 
esters of endOK^-bicycto[2,2.1]hept-5-ene-2-methyi-2,3-dicartxKylic acid (methylnadic acid™), and mono- and diglyci- 
dyl esters of allylsuccinic acid; and 

alkyl glycidyl ester of p-styrenecarboxyiic acid, allyl glycidyl ether, 2-methylallyl glycidyl ether, styrene-p-glycidyi 
ether, 3,4-epoxy-1-butene. 3.4-epoxy-3-methyl-1-butene, 3,4-epoxy-1-pentene, 3.4-epoxy-3-methyl-1-pentene. 5.6- 
55 epoxy- 1 -hexene and vinyicyciohexene monoxide. 
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The aromatic vinyl compound is represented by the following formula: 



R 41 C = CR 42 




30 
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T^VCZ^ 2 ^ indePendem,y hydr09e " ° r an *»• of 1 to 3 carbon atoms (e.g.. methyl, ethyl. 

(eg.. c^'SSXTi 1 10 3 Ca *° n 8tomS (e 9 - ^ ^ PreW ' °' or a atom 

n is an integer of usually 0 to 5. preferably 1 to 5. 
mf -SS„ e ! 0,1,1 ! 1 ar ^ atiC ^ ""^^includestyrene. a-methylstyrene. o-methytetyrene. p-melhytetyrene. m- 
IvSSnT 5 ^S'ft!" 6 . m " Ch,0rOStyrene ' P-^methylstyrene. ^nySn^nyKSTLr^-^ 
S2X^oT^ ■ 5 - V,ny,Pynd,ne ' 2 -^e"^ne. 2-vinyfouncline. 3-vinylisoquino.ine. rZnyicart^o.e'and 

Employable as the unsaturated carboxylic acids are unsaturated carboxylic acids, such as acrylic acid methacrvlic 
««d. male,c ac* tumeric acid, tetrahydrophthelic acid, itaconic acid, cftracon« acid, crotonic ZSISS^SS 

TrtznZtT^: ^ w bi ^ 21 ^-e-5.6^icanxxy1ic add: and derivatives SSSrS 
acid anhydrides, acid halides. amides, imides and esters) 

a^^^^^^T in< i de Chk *** maWc anhydride, itaconic anhydride, 

crtraconic anhydride, tetrahydrophthal.c anhydride. bicyclo[2.2.1]hept-2-ene-5.Micarboxylic anhydride dimethvrt 
mafcate. monomethyl maleate. diethyl maleate. diethyl fumarate. dimethyl itaconate. dtaSSSmS TLSSZ 
rahydrophthalate d-methyi bicyclc{2.2.1Jhept-2-ene-5.6^c a rboxylate hydroxyethyl XJSy^ 52 
(mesylate, glycidyl (meth)acrylate. aminoethyl methacrylate and amino^opy. methacrylate ^^^^ 

amino^m^ 

„ iB „. EX n eS * !" compounds include ^ acetate, vinyl propionate, vinyl n-butyrate. vinyl isobutyrate 

™y1 prvalat* vinyl caproate, vinyl versatate, vinyl laurate, vinyl stearate. vinyl benzoate vi^butvSnWS 
salicylate and vinyl cyclohexanecarboxylate. ^ uuiyioenzoate. vinyl 

Preparation of modrfiari ra ndom ctmolvmcr 

m th?,!rf ^l rand r ^ ,ymer iS ° btained by 9raft P 0 '*™" 2 ^ the random copolymer with the polar monomer. 
2 22? i P ?T Za rK° f ^ T*"" ^ 9,6 P° ,ar "»«"». » e Poter monomer is used in an amount 

of^suaHy i to 100 parts by weight, preferably 5 to 80 parts by weight, based on 100 parts by weight of the mSm 

The graft polymerization is generally performed in the presence of a radical initiator 
The radical initiator is. for example, organic peroxide or an azo compound. 

Examples of the organic peroxides include dicumyl peroxide, di-t-butyl peroxide. 2.5^imethyl-2 5-bisft-butvtoer- 
oxyhexane. 2.5^methy.-2.5bis( rt uty to eroxy)hexyne.3. 1.3^(t*utyZoxyisopropy^ ben£? ItiSSSSl 
oxyjvalerate. benzoyl peroxide, t-butyl peroxybenzoate. acetyl peroxide. isobtfS pTrcSte. octane^ peraxSe d^canX. 
S^LtT***' 3 - 5 ^ Wm ^"a«"oy P-ox.de, 2,4^ich,orobeZ^ peroxide and JS^ZST* 
Bamples of the azo compounds include azoisobutyronitrile and dimethylazoisobutyronitrile 

weight oft^^r in a " am ° Urt * ^ 0 001 to 10 m * « 100 Pa* by 

The radical initiator can be used by mixing rt with the random copolymer and the polar monomer or can be used 

w^JSS IL 6 ™ 11 T"^ an ° r9aniC ^ the anTorganic solved 2 to uS 

S^Sl*"" 88 ^ 88 ** can dissolve the radical initiator. For example, ther can be used aromafc 
^cartom solvents, such as benzene, toluene and xylene: aliphatic hydrocarbon solvents, such as pentane hexTne 

Sr^r 6 ^ d ^. 6: *** hydr0ca * on such as cydohexane. m**S5l5li 

m^T^J ^ ^ rated ^ dr °cart»°n such as chlorobenzene. d-chlorotorueT^chlorober^e^ 

methylene chloride, chloroform, carbon tetrachloride and tetrachloroethyiene: alcohol solvents, such as methanol eth 
anol. n-propanol. .s^propanol. n-butanol. sec-butano. and tert-butanol; ketone solvents, such as acXne^neCX 
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ketone and methyl isobutyl ketone; ester solvents, such as ethyl acetate and dimethyl phthalate; and ether solvents, 
such as dimethyl ether, diethyl ether, di-n-amyi ether, tetrahydrofuran and dioxyanisol. 

In the graft polymerization of the random copolymer with the polar monomer, a reducing material may be used. By 
the use of the reducing material, the graft quantity of the polar monomer can be increased. 
5 The reducing material includes not only iron (II) ion, chromium ion, cobalt ion, nickel ion, palladium ion, sulfite, 
hydroxylamine and hydrazine but also corrpounds containing groups such as -SH, S0 3 H, «NHNH 2 . -COCH(OH)-. 

Examples of such reducing materials include ferrous chloride, potassium bichromate, cobalt chloride, cobalt naph- 
thenate. palladium chloride, ethanolamine, diethanolamine, N,N-dmethylaniline, hydrazine, ethyimercaptan, benze- 
nesutfonic acid and p-toluenesulfonic acid. 
10 The reducing material may be used in an amount of usually 0.001 to 5 parts by weight, preferably 0. 1 to 3 parts by 
weight, based on 100 parts by weight of the random copolymer. 

The graft modification of the random copolymer with the polar monomer can be carried out by a conventional known 
method. For example, the random copolymer is dissolved in an organic solvent, and to the solution are added the polar 
monomer and the radical initiator to perform reaction at a temperature of 70 to 200 °C, preferably 80 to 190 °C, for a 
is reaction time of 0.5 to 15 hours, preferably 1 to 10 hours. 

As the organic solvent, any organic solvents can be used without specific limitation as far as they can dissolve the 
random copolymer. For example, aromatic hydrocarbon solvents, such as benzene, toluene and xylene, and aliphatic 
hydrocarbon solvents, such as pentane, hexane and heptane, are employable. 

The modified random copolymer can be also prepared by causing the random copolymer to react with the polar 
20 monomer in the absence of any solvent using an extruder or the like, in this case, the reaction is desirably conducted 
at a temperature not lower than the melting point of the random copolymer, specifically 120 to 250 °C, for a reaction time 
of 0.5 to 10 minutes. 

The modification quantity of the modified random copolymer thus obtained (i .e. , graft quantity of the polar monomer) 
is desirably in the range of usually 0.1 to 50 % by weight, preferably 0.2 to 30 % by weight. 

25 

MaoiaMfl rubber composition 

The vulcanizable rubber composition of the invention which contains the above-described ethytene*a-olef in-non- 
conjugated polyene random copolymer may be used in the unvulcanized state, but if the composition is used as its 
30 vulcanizate, much more improved properties can be exhibited. 

The vulcanizable rubber composition of the invention can be vulcanized by heating it using a vulcanizing agent or 
by irradiating it with electron rays without using a vulcanizing agent 

The vulcanizable rubber composition of the invention may appropriately contain other components than the ethylene- 
oolefin-nonconjugated polyene random copolymer according to the use application, and it is desired the ethylene-a- 
35 olef in-noncohjugated polyene random copolymer is contained in an amount of not less than 20 % by weight preferably 
not less than 25 % by weight, based on the whole amount of the rubber composition. 

Examples of the other components include various chemicals such as reinforcing agent, inorganic filler, softening 
agent, aging inhfoitor (stabilizer), processing aid, compounds which constitute foaming system (e.g. , foaming agent and 
foaming aid), piasbcizer, colorant blowing agent and other rubbers. The kinds and the amounts of these components 
40 are properly determined according to the use application. Of these, preferably used are reinforcing agent, inorganic filler 
and softening agent. Details of these components are described below. 

Rginfpryinq aggnt and inorganic filly 

45 Examples of the reinforcing agents include carbon black such as SRF, GPF, FEF, MAF, HAF, ISAF, SAF, FT and MT, 
carbon Hack surface-treated with silane coupling agents, silica, activated calcium carbonate, powdery talc and powdery 
silicate. 

Examples of the inorganic fillers include light calcium carbonate, heavy calcium carbonate, talc and clay. 
In the rubber composition of the invention, the reinforcing agent and/or the inorganic filler may be contained in an 
so amount of 1 0 to 300 parts by weight preferably 1 0 to 200 parts by weight, based on 1 00 parts by weight of the ethylene- 
a-olef in-noncoryugated polyene random copolymer. 

From the rubber composition containing the reinforcing agent in the above-mentioned amount, a vulcanized rubber 
improved in mechanical properties such as tensile strength, tear strength and abrasion resistance can be obtained. 
If the inorganic filler is added in the above-mentioned amount the hardness can be raised without deteriorating 
55 other properties of the vulcanized rubber, and the cost can be reduced. 
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Softening ag^nf 
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As the softening agents, those conventionally added to rubbers can be wviAiv , . 

petroleum type softening agents, such as »m d ? GXamp,es indude 

vaseline; PTOeSS °"' ,ubr,cant - Puffin, liquid paraffin, petroleum asphalt and 

coal tar type softening agents, such as coal tar and coal tar pitch- 
es 2. 2S3 1 9 ? 5 ' 38 CBBlor * ,inseed oil ' ^eed oil and coconut oil 
waxes, such as tall oil. fact.ce, beeswax, carnauba wax and lanolin- 

^S"* ^ SUCh 85 riCin ° ,iC add ' ac * ««" stearate, calcium stearate and zinc 

Aoino inhibitor 

hngSS*" °° mP0Srti0n - ^ — « « ■*> inhbfror because the materia, IHe can be 

Examples of the aging inhibitors include* 

S*™; ^ stabi,izer s. ^ as nickel dibutyldithiocarbamate: and 
Processing ajj 

stearate zinc stearate ^^S^^^^^^^^^^»^ 

by wSrt^SS i oo'paS ^^ZZZ^LT" 1 ° ^ ^ We,9ht " "« ™ * parts 

on. uu parts Dy weight of the ethylerie^-olef in-nonconjugated polyene random copolymer. 

Vulcanizing agem 

Examples of the vulcanizing agents employable herein include sulfur sulfur comoounrfc nnri 
There is no specific limitation on the type of sulfur and for exaZl ^Z^TT and organtc peroxides, 
sulfur, surface-treated sulfur and insoluble aL? canbe ^yeT * ' ******* **>*• 

keton peroxides, such as dicyclohexanone p roxide ' ^ 

These vulcanizing agents may be used in combination of two or more kinds. 
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Of these, preferred are organic peroxides having a temperature, at which the half-life period thereof corresponds to 
one m.nute. of m to 200 «C, for exarrple. dcumyl peroxkJ^^ 
ane. t-butylcumyl peroxide, di-t-amyl peroxide and t-butyl hydroperoxide. 

When the vulcanizing agent is sulfur or the suffur compound, it is used in an amount of 0.1 to 10 parts by weight 
preferably0.5to5partsby weight, based on100 parts byweightof the ethylene-a-olefin-nonconjugated polyene random 
copolymer. When the vulcanizing agent is organic peroxide, it is used in an amount of 0.0003 to 0.05 mol preferably 
0.001 to 0.03 mol. based on 100 g of the ethylene-a-olefin-nonconjugated polyene random copolymer. 

Vdcanizationaecftlfrflfrr 

When sulfur or the sulfur compound is used as the vulcanizing agent, a vulcanization accelerator is preferably used 
in combination. 

Examples of the vulcanization accelerators include: 
sulfanamide compounds, such as N-cyclohexy|.2*enzcrthiazole suffenamide. N-oxydiethylene-2-benzothiazole 
sulfenamide and N.N-diisopropyl-2-benzothiazole sulfenamide; 

thiazole compounds, such as2-mercaptobenzothiazole. 2-(2.4-dinitrophenyl)mercaptobenzothiazole 2-(2 6-die- 
thyl-4-morpholinofhio)benzothiazole, dibenzothiazyl disulfide and 2-(4'-morpholinodithio)benzothiazole; 

guanidine compounds, such as diphenylguanidine. triphenylguanidine. diorthonitrileguanidine, orthonitrile biqua- 
nide and diphenylguanidine phthalate; 

akJehyde amines or aldehyde-ammonia compounds, such as acetakJehyde-aniline reaction product. butylakJe- 
hyde-aniline condensate, hexamethylenetetramine and acetaldehyde ammonia; 
imidazoline compounds, such as 2-mercaptoimidazoline (ethylenethiourea); 

thiourea compounds, such as thiocarbanilide. diethytthiourea, dibutylthiourea. trimethylthiourea and diortho- 
tolyttniourea; 

thiuram compounds, such as tetramethyfthiuram monosulfide. tetramethylthiuram disulfide, telraethymiiuram 
disulfide, tetrabutylthiuram disulfide and pentamethylenethiuram tetrasuH ide; 

drthio acid salt compounds, such as zinc dimelhyldithiocarbamate. zinc diethyldithiocarbamate, zinc di-n- 
butyldithiocarbamate, zinc ethylphenyldithiocabamate, zinc butylphenyldithiocaibamate. sodium dimetoyldithiocar- 
bamate, selenium dimethyldrthiocarbamate and tellurium dimethyldithiocarbamate: 
30 xanthate compounds, such as zinc dibutylxanthate; and 

zinc white. 

The vulcanization accelerator is desirably used in an amount of 0. 1 to 20 parts by weight, preferably 0.2 to 10 parts 
by weight, based on 100 parts by weight of the ethylene-a-ofefin-nonconjugated polyene random copolymer. 

& Vulcanization aid fpnivfiinrtinnai mnnflmpr) 

When the organic peroxide is used as the vulcanizing agent, a vulcanization aid (polyfunctional monomer) is pref- 
erably used in combination in an amount of 0.5 to 2 mol based on 1 mol of the organic peroxide, preferably in the almost 
equimolar amount 

40 Examples of the vulcanization aids include: 
sulfur; 

quinonedioxime compounds, such as p-quinonedioxime; 

(meth)acrylate compounds, such as trimethylolpropane triacrylate and polyethylene glycol dimethacrylate 
ally! compounds, such as diallyl phthalate and triallyl cyanurate; 

45 ^eimidecompouixls.suchasn>^eny1enebismaleimide;and 
divinyibenzene. 

Of the above-mentioned vulcanizing agents, sulfur or the sulfur compound, particularly sulfur, is preferably used in 
the invention because the properties of the rubber composition of the invention can be exhibited. 

so Foamino agent 
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When the rubber composition of the invention contains a compound which constitutes foaming system, such as a 
foaming agent or a foaming aid. the composition can be subjected to foam molding. 

As the foaming agents, those generally used in the foam molding of rubbers can be widely used Particular examples 
thereof include inorganic foaming agents, such as sodium bicarbonate, sodium carbonate, ammonium bicarbonate 
am^um carbonate and ammonium nitrit ; nitroso compounds, such as N,N'-dimethyl-N.N'-dinitrosoterephthalamide 
and N.N<linttrosopentamethyl netetramine; azo compounds, such as azodicarbonamide, azobisisobutyronitrile azo- 
cydohexyln*ile. azodiaminobenz ne and barium azodicarboxylate; sulfonylhydrazide compounds, such as benzenesul- 
fonylhydrazrie. toluenesurfonylhydrazide. p.p'-oxvbistbenzenesurfonylhydrazide) and diphenylsurfone-3 3'- 
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^Hpnylhydrazide; and azkje compounds, such as calcium azide, 4,4-diphenyWisulfonyl azide and p-toluenesultonyl 
Of these, preferred are nitroso compounds, azo compounds and azide ccrrpounds. 

The foaming agent can be used in an amount of 0.5 to 30 parts by weight, preferably 1 to 20 parts by weight, based 
5 on 100partsby weigttdtheethylene-a-olefin-noTC From the rubber corrposrtion 

containing the foaming agent in the above amoint, foamed products having an apparent specific gravity of 0 03 to 0 8 
g/cm 3 can be obtained. 

A foaming aid can be used in combination with the foaming agent. When the foaming aid is used in corrPination 
various effects such as lowering of decomposition temperature of the foaming agent, acceleration of decortposition 
w thereof and uniformity of the resulting foam can be exerted. Examples of the foaming aids include organic acids such 
as salicylic acid, phthalic acid, stearic acid and oxalic acid, urea and its derivatives. 

The foaming aid can be used in an amount of 0.01 to 10 parts by weight preferably 0. 1 to 5 parts by weight, based 
on 1 00 parts by weight of the ethyiene-a-olef irvnonconjugated polyene random copolymer. 

is Other rubber 



The rubber composition of the invention may be used by blending with other rubbers within limits no prejudicial to 
the objects of the invention. 

Examples of such rubbers include natural rubbers (NR); isoprene type rubbers, such as isoprene rubber (IR); and 
zo conjugated diene type rubbers, such as butadiene rubber (BR), styrene-butadiene rubber (SBR), acrylonitrile-butadiene 
rubber (NBR) and chloroprene rubber (CR). 

Also employable are conventionally known ethyiene-a-olefin copolymers, for example, ethylene-propylene rand m 
copolymer (EPR) and ethyiene-a-olefin-nonconjugated polyene random copolymer except the aforementioned ethylene- 
a-olefin-nonconjugated polyene random copolymer such as EPDM. 
25 The vulcanizable rubber composition of the invention can be prepared from the ethytene-a-olefin-noncx)njugated 
polyene random copolymer and the above-mentioned other components by conventional processes for preparing rubber 
blends. For example, the ethylene-a-defin-nonconjugated polyene random copolymer and other corrponents are 
kneaded at 80 to 1 70 °C for 3 to 1 0 minutes using internal mixers such as Banbury mixer, kneader and intermixes then 
the vulcanizing agent and the vulcanization accelerator or the vulcanisation aid are added if necessary, and the resulting 
so mixture is kneaded using rolls (eg., open rolls) or a kneader at a roll tenperature of 40 to 80 °C for 5 to 30 minutes 
followed by rolling. Thus, a rubber composition (rubber Wend) in the form of usually ribbon or sheet can be obtained. If 
the temperature in the kneading process using the internal mixer is low. the vulcanizing agent, the vulcanization accel- 
erator and the foaming agent may be simultaneously kneaded. 

35 Vulcanized rubber 
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A vulcanizate (vulcanized rubber) of the rubber composition of the invention can be obtained by a process generally 
comprising preforming the unvulcanized rubber composition into a desired shape using various means such as an extru- 
sion molding machine, a calender roll, a press, an injection molding machine and a transfer molding machine, and 
simultaneously or thereafter heating the resulting preform in a vulcanizing bath or irradiating it with electron rays so as 
to perform vulcanization. 

When the rubber composition is vulcanized by heating, the rubber composition is preferably heated at a temperature 
of 150 to 270 °C for 1 to 30 minutes using a heating bath of hot air, glass bead fluidized bed, UHF (ultrahigh frequency 
electromagnetic wave), steam or LCM (molten salt bath). 

Among such copolymer rubber compositions of the invention as mentioned above, a copolymer rubber corrposrtion 
containing organic peroxide as a vulcanizing agent is preferably used as a hot-air crosslinking copolymer rubber com- 
position. 

The hot-air crosslinking copolymer rubber composition which contains the ethylene-c«)lef in-nonconjugated polyene 
random copolymer and the organic peroxide of specific amount based on the amount of the random copolymer can be 
sufficiently crosslinked by hot air. whereby a crosslinked product having low surface tackiness and containing no extraor- 
dinary foam inside can be obtained. Further, from the hot-air crosslinking copolymer rubber composition a hot-air 
crosslinked product also excellent in resistance to setting (permanent compression set) and heat aging resistance (heat 
resistance) can be obtained. 

The hot-air crosslinking rubber composition contains the organic peroxide in th above-mentioned amount based 
on the amount of the ethylene-a^olef in-nonconjugated polyen random copolymer. This composition may contain other 
components in addition to the organic peroxide, and the composition preferably contains a vulcanization aid (DOlvfunc- 
tional monomer). 

The vulcanizate (vulcanized rubber) of the hot-air crosslinking rubber composition can be generally obtained by a 
process comprising preforming the unvulcanized rubber blend described above by various methods such as methods 
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nrS^^rS maChine ° r Ca,enCter " D " t0 9ive 3 pretorm <* desired shape ard simultaneously healing the 
preform orthereafter introducing the preform into a vulcanizing bath and heating it therein 9 

fluklizld bS'uH^^f VU,Cani2e f b ' end * e VU,cani2ing ba,h - 2 method * W air. glass bead 
luidized bed. UHF (ultrahigh frequency electromagnetic wave), steam or LCM (molten salt batM can be emnL* I«h 
the heating is preferably earned out at 120 to 270 «C for 1 to 30 minutes ^ V ' 

vulca^iS dSZ^^^' 8 be used or may not be used. If a mold is not used, preformng and 

vulcanization of the rubber composition are generally carried out continuously. 

nrJZZ Tv?*" CO T SHion 15 vulcani2ed b y imriMon with electron rays without using a vulcanizing agent the 

-^^^^ 

: -ndustrial rubber products such as ni*er roll, belt, packing and hose; eitul^^ZS 

can hl^S ProdU ? °^ ined by f ° amin9 * e rubber Wend «"■**« the foaming agent under heating 

can be used for heat insulating n«terrals, cushiorang rriaterials. sealing materials, etc. 9 

EFFECT OF THE IKIVFMTinM 

P ^ 88 VUlCa ™ 2ati0n *■"*» 38 wel1 ^ in weathering resistance and ozone resist- 

ton. an ethylene-a-olef,n-noncon JU gated polyene random copolymer excellent in prooSaMity ISSZ 

^55*"' " ™ a " ,tol a,en * wMhertns °=>» — • 

From the rubber composition of the invention, vulcanized rubber molded products or vulcanic r,rf*»r ^ , 

products excellent particularly in those properties can be produced ^ iMmad 

EXAMPLE 

th* Hi 9 iPVenti0n described reference ,0 following examples, but it should be construed 

that the invention is in no way limited to those examples. v».ouinsnouiaDe construed 

In the examples, the following metallocene compounds were used. 
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Zirconium compound A 

rac-Dimethyialylene-bis{1 -(2-methyl-4-phenylindenyl)}2irconium dichloride 



w 



15 
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Zirconium compound B 
25 rac-Dimethytsilylene-bis{1 -(2-n-propyl-4-phenanthrylindeny0}zirconiuin dichloride 
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Example 1 

Pre-CpntaCt Qt zirconium compound with methytaluminoxane and pr e paration of catalyst solution 

The zirconium compound A of a predetermined amount and a toluene solution of methytaluminoxane (1.2 
mg • atom/ml in terms of aluminum atom) were mixed by stirring at room temperature for 30 minutes in a dark place to 
prepare a toluene solution containing the zirconium compound A and methyialuminoxane The Zr concentration in the 
toluene solution was 0.002 mmol/ml, and the methytaluminoxane concentration in the solution was 1 .2 mg • alonVml in 
terms of aluminum atom 

To th tolu ne solution was then added hexane in an amount of five times in volume as much as the toluene with 
stirring to prepare a catalyst solution having the following Zr concentration and methylaJuminoxane concentration. The 
catalyst solution was used as a catalyst for the subsequent polymerization reaction. 
Zr concentration: 0.00033 mmol/ml (i.e.. 0.33 mmol/!) 

Methytaluminoxane concentration (in terms of Al atom): 0.20 mmol/ml (i.e., 200 rrmot/i) 
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PQlymePiz§tiQn 

In a 15-liter stainless steel polymerization reactor equipped with a stirrer, copolymerization of ethylene, propylene 
and 7-methyM ,6-octadiene was continuously carried out in the following manner. 
5 First to the polymerization reactor were continuously fed, through the top of the reactor, dehydrated and purified 
hexane at a feed rate of 3.17 l/hr, the mixed solution of the zirconium compound A and methyialuminoxane obtained 
above at a feed rate of 0.03 l/hr, a hexane solution of triisobutylaJuminum (concentration: 1 7 mmol/l) at a feed rate of 0.3 
l/hr and a hexane solution of 7-methyM ,6-octadiene (abbreviated to "MOD") (concentration: 0. 15 //I at a feed rate of 1 5 
l/hr. 

10 Further, to the reactor were continuously fed, through the top thereof, ethylene at a feed rate of 200 l/hr and propylene 

at a feed rate of 200 l/hr. The copolymerization reaction was carried out at 60 *C in such a manner that the average 

residence time became one hour (i.e., scale of polymerization: 5 liters). 

Then, to the polymerization solution drawn out through the bottom of the reactor was added a small amount of 

methanol so as to terminate the polymerization reaction. The polymerization solution was subjected to a steam stripping 
is treatment to separate a copolymer produced from the solvent, and the copolymer was dried at 1 00 °C for 24 hours under 

reduced pressure (100 mmHg). 

Thus, an ethylene-propyiene-7-methyl-1 ,6-octadiene random copolymer was obtained in an amount of 330 g per 
hour. 

In the copolymer obtained, the molar ratio of units derived from ethylene to units derived from propylene was 70/30 
20 (ethylene/propylene), the iodine value was 22 (g-iodine/100 g-polymer), and the intrinsic viscosity (q) as measured in 
decalin at 135 °C was 2.6 dl/g. The glass transition temperature of the copolymer was -61 °C, and the gn* and g' values 
thereof were 0.63 and 0.70, respectively. 

In determing the g' value, Waters ALC/GPC 150C was used as GPC f and GMH-HT and QMH-HTL (both manufac- 
tured by Toso K.K.) were used columns. 
25 The results are set forth in Table 1 . 

Exgmpte>2-7 

An ethylene-a-olefin-nonconjugated polyene random copolymer was obtained in the same manner as in Exarrple 
3D 1 except that the copolymerization reaction was carried out under the polymerization conditions shown in Table 1 in 
place of the conditions of Example 1 . 
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The results are set forth in Table 1 . 
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Comoaratrve Example 1 

In a 2-lrter polymerization reactor equipped with a stirrer, copolymerization of ethylene, propylene and ethylidenenor- 
bornene (ENB) was continuously carried out in the following manner. 
s To the polymerization reactor were continuously fed, through the top of the reactor, a hexane solution of ENB (con- 
centration: 36 g/l) at a feed rate of 0.5 l/hr, a hexane solution of VO(OC2H 5 )CI 2 (concentration: 8 mmol/l) as a catalyst 
at a feed rate of 0.5 lAir, a hexane solution of ethytaluminum sesquichioride [AI(C 2 H 5 ) 1 5] (concentration: 64 mmol/l) 
at a feed rate of 0.5 l/hr and hexane at a feed rate of 0.5 l/hr, while the polymerization solution was continuously drawn 
out through the bottom of the reactor so that the amount of the polymerization solution in the reactor was kept to be 1 liter. 
10 Further, to the reactor were fed ethylene at a feed rate of 1 30 l/hr, propylene at a feed rate of 1 70 l/hr and hydrogen 
at a feed rate of 40 l/hr using a bubble tube. 

The copolymerization reaction was earned out by circulating a cooling medium through a jacket provided outside 
of the reactor, with maintaining the temperature at 20 °C. 

The copolymerization reaction was carried out under the reaction conditions as described above to obtain a polym- 
15 erization solution containing an ethylene-propylene ethylidenenorbornene copolymer. 

Then, the polymerization solution obtained was deashed using hydrochloric acid, and a large amount of methanol 
was added to precipitate a polymer, followed by vacuum drying at 100 °C for 24 hours. 

Thus, an ethyiene-propylene-ethytidenenortx>rnene copolymer (rubber) was obtained in an amount of 53 g per hour. 

In the copolymer obtained, the molar ratio of units derived from ethylene to units derived from propylene was 72/28 
20 (ethylene/propylene), the iodine value was 21 (g-iodine/100 g-polymer), and the intrinsic viscosity (nj as measured in 
decalin at 1 35 °C was 2. 1 dl/g. The grf and g' values of the copolymer were 0.98 and 0.99, respectively. 

h was confirmed that when the vanadium catalyst was used as above, the gr\ * and g' values became near to 1 , so 
that no long-chain branch was formed. The results are set forth in Table 2. 

25 Example 8 

Polymerization 

In a 15-liter stainless steel polymerization reactor equipped with a stirrer, copolymerization of ethylene, propylene 
30 and 5-ethylidene-2-norbornene (also referred to "ENB") was continuously carried out in the following manner. 

First, to the polymerization reactor were continuously fed, through the top of the reactor, dehydrated and purified 
hexane at a feed rate of 3.1 7 l/hr, the mixed solution of the zirconium compound A and methylaiuminaxane obtained in 
Example 1 at a feed rate of 0.03 l/hr. a hexane solution of triisobutylaluminum (concentration: 17 mmol/l) at a feed rate 
of 0.3 l/hr and a hexane solution of ENB (concentration: 0.015 mmol/l) at a feed rate of 1 .5 l/hr. 
35 Further, to the reactor were continuously fed. through the top thereof, ethylene at a feed rate of 200 l/hr and propylene 
at a feed rate of 200 l/hr. The copolymerization reaction was carried out at 60 °C in such a manner that the averag 
residence time became one hour (i.e., scale of polymerization: 5 liters). 

Then, to the polymerization solution drawn out through the bottom of the reactor was added a small amount of 
methanol so as to terminate the polymerization reaction. The polymerization solution was subjected to a steam stripping 
40 treatment to separate a copolymer from the solvent, and the copolymer was dried at 1 00 °C for 24 hours under reduced 
pressure (100 mmHg). 

Thus, an ethylene-propylene-ENB random copolymer was obtained in an amount of 70 g per hour. 
In the copolymer obtained, the molar ratio of units derived from ethylene to units derived from propylene was 70/30 
(ethylene/propylene), the iodine value was 22 (g-iodine/100 g-polymer), and the intrinsic viscosity (n) as measured in 
45 decalin at 135 °C was 2.3 dl/g. The gn* and g' values of the copolymer were 0.65 and 0.70, respectively. 
The results are set forth in Table 2. 

Example? 9- 11 

50 An ethylene-aolef in-polyene random copolymer was obtained in the same manner as in Example 8 except that the 
copolymerization reaction was carried out under the polymerization conditions shown in Table 2 in place of the conditions 
of Example 8. 
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The results. are set forth in Table 2. 
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Table 2 





1 Cv O 


Ex. 9 


Ex. 10 


Ex. 11 


Comp. Ex. 1 




rropyiene 


Propylene 


1-Butene 


1-Butene 




Diene 


ENB 


ENB 


ENB 


ENB 


CMD 


Ethylene/ a-Olefin (molar ratio) 


70/30 


63/37 


78/22 


72/28 


72/28 


Iodine value 


22 


25 


21 


22 


21 


to) (dlfc) 


2.3 


2.7 


2.9 


2.5 


2.1 


9*1* 


0.65 


0.57 


0.68 


0.62 


0.98 


g' | 


0.70 


0.61 


0.72 


0.67 


0.99 


tNB: 5-tthyiidene-2-norbornene 
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(1) Properties of unvuleanized rubber 

The properties of the unvulcanized rubber were measured in accordance with JIS-K-6300. 

(2) Tensile test 

From the upper part of the vulcanized tubular sponge rubber a soecimen w« n . ;« a , . . 
of the sponge rubber by means of a durrfcbell of NolX^in SSr^,^l 'ortBrtudmal direction 
a tensile test in accordance with JIS-K-6301 Z*£J!i?£ ^ mJIS-K-6301 (1989). The specimen was subjected to 
a tensile nto «f mZ" . JB-K-6301. Section 3, under the conditions of a measuring temperature of 25 'C and 
a tensile rate of 500 mm/mm to measure tensile stress at break T B and elongation at break 

(3) Measurement of specific gravity 

the ^r^^^l^!T 9e ^ 8 SP6dmen 01 20 mm X 20 "» « P— . - 
• ^ of the specimen was measured from a deference between the miss ZI^TaLl £ re ^ 

(4) Permanent compression set test 

measured, and the permanent compression set of the specimen was calculated from the following equator? 
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Permanent compression set (%) = l2_LLl x 100 

t 0 -t 2 
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Height of specimen before test 

Height of specimen after heat treatment and cooling for 30 minutes 
Height of specimen in the state where specimen is fixed to measuring mold 

(5) Measurement of shape retention 
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Shape retention ratio (%) = g x 100 

L: Height of tubular sponge rubber 
f D : Width of tubular sponge rubber 

(6) Measurement of surface roughness 

The surface roughness of the sponge rubber was evaluated by expressing the protrusions and depressions on the 
w upper surface of the sponge rubber by numerals using a feeler type surface roughness measuring device, in detail, the 
tubular sponge rubber was cut to give a specimen having a length of 50 mm. From the total (hj) of the heights of ten 
protrusions of from the highest protrusion to the tenth protrusion from the highest one, the total (h 2 ) of the heights of ten 
depressions of from the deepest depression to the tenth depression from the deepest one was subtracted. The obtained 
value (h , - h^ was divided by 1 0, and the value finally obtained was taken as the surface roughness of the sponge rubber. 
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Example 12 



The ethyiene-a-olefin-nonconjugated polyene random copolymer prepared in Example 8 and other components 
were blended in the amounts shown in Table 3 to prepare a rubber blend (rubber composition). 

20 That is. the ethylene-a-olefin-nonconjugated polyene random copolymer, paraffinic oil, carbon black, stearic acid, 
dimethykJistearylammonium chloride and activated zinc white were kneaded in a 1 .7-liter Banbury mixer (manufactured 
by Kobe Seikosho K.K.) for 10 minutes. To the kneadate were further added a vulcanizing agent and other additives, 
and they were kneaded in a 14-inch open roll (F/B = 50/50 °C) to obtain a rubber Wend. 

The rubber Wend was then extruded using a 50 mm extruder equipped with a tubular die (inner diameter: 10 mm, 

25 thickness: 1 rrni) under the conditions of a die temperature of 80 °C and a cylinder temperature of 60 °C. to produce a 
tubular molded product. The molded product was vulcanized at 220 °C for 6 minutes in an air oven to obtain a sponge 
rubber. The results are set forth in Table 4. 
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Examples 13 -15 

A rubber Wend (rubber composition) was prepared in the same manner as in Example 12 except that the ethylene- 
cK>lef in-nonconjugated polyene random copolymer was replaced with the ethylene-a-Wef in-nonconjugated polyene ran- 
dom copolymer prepared in each of Examples 9 to 1 1 . Using the rubber Wend, a sponge rubber was obtained in the 
same manner as in Example 12. The resiits are set forth in TaWe 4. 

35 

Comparative Example 2 

A rubber Wend (rubber composition) was prepared in the same manner as in Example 12 except that the ethylene- 
a-olefin-nonconjugated pWyene random copolymer was replaced with the ethytene-a-olefin-polyene copolymer pre- 
40 pared in Comparative Examples 1 . Using the rubber Wend, a sponge rubber was obtained in the same manner as in 
Example 12. The results are set forth in TaWe 4. 
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Table 3 





Component 


Part(s) by weight 


Copolymer 


Ethylen -a-olef in-polyene random copolymer 


100 


Softening agent 


Paraffinic oil (Surrflex 2280 of Nippon Sun Petroleum K.K.) 


70 


Inorganic filter 


SRF-HS carbon black (Asahi 50HG of Asahi Carbon K.K.) 


90 




Calcium oxide 


5 


Processing aid vulcanizing agent 


Stearic acid 


2 




DimethyWistearyiammonium chloride 


2 




Sulfur 


1.5 


Vulcanization accelerator 


Activated zinc white 


5 




2-Mercaptobenzothiazole 


0.8 




2-(4'-Moipholinodithio)benzothiazole 


1.2 




Zinc dibutyldrthiocarbamate 


2 




Ethylene thiourea 


1 


Foaming agent 


pp'-OxybisfbenzenesuHonyi hydrazide) 


3.5 
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Table 4 





Ex. 12 


Ex. 13 


Ex.14 


Ex 15 


Comp. Ex. 2 


T B (kg/cm 2 ) 


23 


25 


26 


22 


21 


Eb(%) 


250 


270 


260 


280 


240 


Specific gravity (g/cm 3 ) 


0.48 


0.52 


0.54 


0.49 


0.44 


Permanent compression set (%) 


32 


30 


33 


29 


34 


Shape retention (%) 


83 


85 


86 


81 


63 


Surface roughness 


9 


7 


8 


9 


14 



Claims 
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An ethytene^x-olefn.nonoonjugated polyene random copolymer which is a random copolymer of (a) ethylene (b) 
an a-otefmof 3 or more carbon atoms and (c) a nonconjugated polyene containing, in one molecule, one carbon- 
tc-carbon double bond pdymerizable by a metallocene catalyst among carbon-to-carbon double bonds, and has 
the following properties: 

(i) said copolymer contains (a) units derived from ethylene and (b) units derived from the a-olef in of 3 or more 
carbon atoms in a molar ratio of 40/60 to 95/5 ((a)/(b)), 
00 the iodine value is in the range of 1 to 50. 

OS) the intrinsic viscosity (n). as measured in decaiin at 135 °C. is in the range of 0.1 to 8 0 dl/g and 
Ov) Ihe ratio gn* of the intrinsic viscosity (r\) of said copolymer defined above to the intrinsic viscosity foU^ 
of a Irnear ethylene-propylene copolymer having th same weight-average molecular weight (measured by light 
scattenng method) as the ethylene-a-olefin-nonconjugated polyene random copolymer and having an ethylene 
content of 70 % by mol. foVfok,,*. is in the range of 0.2 to 0.9. 
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2. Ah ethylene-a-olefin-nonconjugated polyene random copolymer which is a random copolymer of (a) ethylene, (b) 
' kf\ a-olef in of 3 or more carbon atoms and (c) a nonconjugated polyene containing, in one molecule, one carbon- 
to-carbon double bond polymerizable by a metallocene catalyst among carbon-to-carbon double bonds, and has 
the following properties: 

5 

(i) said copolymer contains units derived from ethylene (a) and units derived from the a-olef in of 3 or more 
carbon atoms (b) in a molar ratio of 40/60 to 95/5 [(a)/(b)], 

(ii) the iodine value is in the range of 1 to 50, 

(Hi) the intrinsic viscosity (ti), as measured in decalin at 135 °C, is in the range of 0.1 to 8.0 dl/g, and 
io (iv) the ratio g* of the intrinsic viscosity (tj) of said random copolymer defined above to the intrinsic viscosity 

(iWik- calculated as a linear ethylene-propylene copolymer having an ethylene content of 70 % by mol which 
is determined by measurement of gel permeation chromatography (QPC) of ethylene-a-plefin-nonconjugated 
polyene random copolymer in orthodichlorobenzen at 140 °C, Oi)/(ri)biar*'. is in the range of 0.2 to 0.9. 

is 3. A process for preparing an ethylene-a-olef in-nonconjugated polyene random copolymer, in which the ethylene-a- 
olef in-nonconjugated polyene random copolymer as claimed in claim 1 or 2 is prepared using a metallocene catalyst 
containing a metallocene compound represented by the following formula (I): 
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30 

wherein M is a transition metal of Group IVB of the periodic table, 
R 1 is a hydrocarbon group of 1 to 6 carbon atoms, 

R 2 , R 4 , R 5 and R 6 may be the same as or different from each other, and are each hydrogen, a halogen atom 
35 or a hydrocarbon group of 1 to 6 carbon atoms, 

R 3 is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a hydrocarbon 
group of 1 to 20 carbon atoms or an organosilyt group, 

X 1 and X 2 may be the same as or different from each other, and are each hydrogen, a halogen atom, a 
hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen* 
ao containing group or a sulfur-containing group, and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-con- 
taining group. -O, -CO-, -S-, -SO, -S0 2 -, -NR 7 -, -P(R 7 h -P(0)(R 7 )-, -BR 7 - or -AIR 7 - (R 7 is hydrogen, a halogen 
atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

45 

4. A vulcanizable rubber composition containing the ethylene-a-olef in-nonconjugated polyene random copolymer as 
claimed in claim 1 a 2. 

5. The vulcanizable rubber composition as claimed in claim 4, containing a reinforcing agent and/or an inorganic filler 
so in an amount of 10 to 200 parts by weight based on 100 parts by weight of the ethylene-a-olef in-nonconjugated 

polyene random copolymer 

6. The vulcanizable rubber composition as claimed in claim 4, containing a softening agent in an amount of 10 to 200 
parts by weight based on 100 parts by weight of the ethylene-a-olef in-nonconjugated polyene random copolymer. 
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7. A vulcanized rubber obtained from the vulcanizable rubber composition as claimed in any one of claims 4 to 6. 
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